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A B S T R A C T

Objectives. This study sought to es-
tablish the prevalence of hepatitis C an-
tibodies (anti-HCV) and hepatitis B an-
tibodies (anti-HBc) among injection drug
users in England and Wales.

Methods. A voluntary cross-sec-
tional survey collected oral fluid sam-
ples and behavioral information; 2203
injectors were recruited through drug
agencies, and 758 were recruited in the
community.

Results. Prevalence was 30% for
anti-HCV, 21% for anti-HBc, and 0.9%
for HIV antibodies. Anti-HCV preva-
lence rates were significantly greater
among those with longer injecting ca-
reers, those in older age groups, those
residing in London, those recruited in
drug agencies, those positive for anti-
HBc, and those with a previous voluntary
HIV test.

Conclusions. Anti-HCV prevalence
rates among injectors in England and
Wales, where comprehensive harm re-
duction programs exist, are lower than
rates in other industrialized countries.
(Am J Public Health. 2001;91:38–42)

In the industrialized world, most trans-
mission of hepatitis C virus (HCV) occurs
through injection drug use, with prevalence
typically above 60% among injection drug
users.1–5 In England and Wales, local studies
of injectors receiving drug treatment in the
mid-1990s revealed HCV prevalence of 59%
to 67%.6–8 Estimates of HCV incidence among
injection drug users in other industrialized
countries are also high, typically ranging from
10% to 20% per annum.1 For many, infection
may be acquired rapidly after initiation of in-
jecting9; high prevalence has been found
among those with short injecting careers (e.g.,
in Baltimore, 65% of those injecting for 1 year
or less).10

There is evidence that harm reduction in-
terventions, which include a range of special-
ized treatment services offering prescription
and nonprescription programs as well as nee-
dle exchange, have been effective in reducing
transmission of HIV among injection drug
users.11–13 Areas that introduced comprehen-
sive harm reduction interventions for injec-
tion drug users a decade ago currently have
either a low and stable HIV prevalence, as in
Australia and the United Kingdom,14–17 or a
falling prevalence, as in Geneva, Switzerland.18

Transmission of hepatitis B virus (HBV) has
also declined in these areas.17,18 There has,
however, been little direct evidence indicating
that these measures reduce transmission of
HCV.19,20

We conducted a large national cross-
sectional study to establish the prevalence of an-
tibodies to HCV (anti-HCV) in current injec-
tion drug users.

Methods

Complementary voluntary unlinked–
anonymous surveys of drug users who had
injected in the previous 4 weeks were con-
ducted at drug agencies (organizations, both
public and private, that provide services
such as treatment, needle exchange, and ad-
vice to drug users) and in the commu-
nity. Those agreeing to participate provided
an oral fluid specimen and completed a
brief questionnaire.

As part of an HIV prevalence monitoring
program, all injectors in contact with 47 rep-
resentative drug agencies in England and Wales
during 1998 were eligible for inclusion. The
methodology has been described elsewhere.17

Briefly, agency staff offered participation to all
of their injecting clients during the year; those
who had not injected in the previous 4 weeks
were excluded from the present analysis.

A community survey of injection drug
users not receiving specialized treatment for
their drug use was conducted in 7 English cities
between October 1997 and June 1998 as part
of a study of injecting risk behavior.21 Partici-
pants were eligible for the study if they had
both injected and not received specialized treat-
ment or had contact with a drug worker in the
previous 4 weeks. Recruitment and interviews
occurred in a variety of sites, including street
locations, social venues, and participants’
homes.

Comparable data collected included age,
sex, age at first injection, previous voluntary
confidential HIV test history, area of recruit-
ment, frequency of sharing injecting equip-
ment (“During the last 4 weeks, how often have
you shared injecting equipment?”), and num-
ber of sharing partners. The Injecting Risk
Questionnaire22 was used in collecting sharing
data.

Oral fluid specimens were obtained with
the EpiScreen device (Epitope, Inc, Beaver-
ton, Ore) and tested for antibodies to HIV (anti-
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TABLE 1—Characteristics of Agency- and Community-Recruited Injection Drug
Users: England and Wales, 1997–1998

Agency- Community-
Recruited, No. (%) Recruited, No. (%)

(n=2203) (n=758) χ2 P

Age, y
<25 633 (29) 232 (31)
25–29 558 (25) 194 (26)
30–34 503 (23) 160 (21)
≥35 509 (23) 171 (23)

Total 2203 757 1.5 .679
Gender

Female 476 (22) 220 (29)
Male 1716 (78) 535 (71)

Total 2192 755 17.2 <.001
Number of years injecting

0–2 557 (26) 198 (27)
3–5 444 (21) 131 (18)
6–8 293 (14) 109 (15)
9–11 224 (10) 82 (11)
12–14 204 (10) 72 (10)
≥15 423 (20) 145 (20)

Total 2145 737 3.3 .653
Shared injecting equipment

in previous month
No 1148 (58) 426 (56)
Yes 833 (42) 328 (44)

Total 1981 754 0.5 .492
Previous voluntary

confidential HIV test
No 1016 (48) 361 (48)
Yes 1092 (52) 395 (52)

Total 2108 756 0.0 .833
Area of recruitment

London 356 (16) 244 (32)
Elsewhere 1847 (84) 514 (68)

Total 2203 758 89.7 <.001

Note. Complete behavioral and demographic information was not provided by some
participants.

HIV), to HBV core antigen (anti-HBc), and to
HCV. Details on laboratory methods have been
published elsewhere23; specimens that were re-
active on initial testing were subjected to con-
firmatory testing via alternative methods.

Associations between antibody preva-
lence and covariates were explored in uni-
variate analyses and, subsequently, in a mul-
tivariable logistic regression model. In this
model, significance was assessed with the
likelihood ratio statistic; Stata 6.0 (Stata
Corp, College Station, Tex) was used in these
analyses.

Incidence rates were estimated among
those who had been injecting for less than 2
years. Among those who had been injecting
for up to 1 year, the average injecting career
was assumed to be 0.5 years; similarly, for
those who had been injecting between 1 and
2 years, the average injecting career was as-
sumed to be 1.5 years. Those who were anti-
HCV positive were assumed to have been in-
fected at 0.25 and 0.75 years of injecting,
respectively.

Results

A total of 2961 participants provided oral
fluid samples and completed questionnaires.
Of these individuals, 2203 were recruited
through drug agencies, and 758 were recruited
in the community.

Theagency-andcommunity-recruitedpar-
ticipantshadsimilardistributionsofageandyears
injecting (Table 1). Overall, 29% were younger
than25years,and46%hadinjectedfor less than
6years.Agency-recruitedinjectorswerelesslikely
tobefemaleor tohavebeenrecruited inLondon
(Table 1). Similar proportions in the agency and
community groups reported sharing injecting
equipment inthepreviousmonthandhavinghad
a voluntary confidential HIV test (Table 1).

The prevalence of anti-HCV was 30%
(895/2943), and the prevalence of anti-HBc
was 21% (616/2955). Table 2 shows the preva-
lence of anti-HCV and anti-HBc by different
risk factors. Further analysis of risk factors for
HIV infection was precluded by the low preva-
lence of anti-HIV (less than 1%).

Anti-HCV prevalence increased from
7% among those injecting for less than 3 years
to 62% for those who had been injecting for
15 years or more. In comparison with those
who had injected for less than 3 years, the ad-
justed odds ratios of having anti-HCV were
just over 3 for those who had injected for 6 to
8 years and above 7 for those who had in-
jected for 15 or more years (χ2

5=120.8, P<
.001; Table 2).

The association between age and anti-
HCV prevalence was weaker but still statisti-
cally significant, with an odds ratio above 2
for anti-HCV in those 30 years or older relative
to those younger than 20 years (χ2

6=15.6, P<
.02). Anti-HCV prevalence was elevated in par-
ticipants who had undergone a previous vol-
untary confidential HIV test, in those recruited
in London, and in those recruited at drug agen-
cies (Table 2).

Prevalence of anti-HBc increased from
5% in those injecting for less than 3 years to
52% in those injecting for 15 or more years.
In comparison with those injecting for less than
3 years, the adjusted odds ratios for the pres-
ence of anti-HBc were 6.5 among those in-
jecting for 15 or more years and above 2 among
those injecting 6 to 8 years (χ2

5 =103.8, P<
.001; see Table 2). Anti-HBc prevalence in-
creased with increasing age; the odds ratio for
anti-HBc was above 2 in those 40 years and
older in comparison with those younger than 20
years (χ2

6=32.7, P<.001). Having undergone
a previous voluntary confidential HIV test was
positively associated with anti-HBc, but area
and site of recruitment were not.

Previous HBV infection was associated
with HCV infection (Table 2); 59% (363/612)
of those with anti-HBc also had anti-HCV,
compared with only 23% of those without anti-
HBc (χ2

1=50.1, P<.001). Frequency of shar-
ing injecting equipment in the 4 weeks before
participation (42%) was not associated with
either anti-HCV or anti-HBc prevalence.

Theannual incidenceofHCVinfectionwas
estimated to be 4.6% in those who had injected
for less than2years (23 infections in502.8years
ofexposure),amongwhomtheanti-HCVpreva-
lencewas4.9%(23/471).Theequivalentannual
incidence for HBV infection was 3.6%, with an
anti-HBc prevalence in this group of 3.8%.

Discussion

At 30%, the prevalence of anti-HCV
found in this study was much lower than that
found in previous studies. Among those who
had been injecting for less than 3 years, the
prevalence was 7.4%, and the estimated annual
incidence in those who had begun injecting in
the previous 2 years was below 5%. These re-
sults differ from other evidence suggesting that
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TABLE 2—Risk Factors for the Presence of Antibodies to HCV (anti-HCV) and HBc (anti-HBc) in Injection Drug Users
(n=2961): England and Wales, 1997–1998

No. Anti-HCV Odds Ratio No. Anti-HBc Odds Ratio
Positive/ Anti-HCV Adjustedb Positive/ Anti-HBc Adjustedc

No. Testeda Positive, % Unadjusted (95% CI) No. Testeda Positive, % Unadjusted (95% CI)

Years injecting
0–2 56/754 7 1.0 1.0 39/752 5 1.0 1.0
3–5 106/572 19 2.8 2.4 (1.7, 3.4) 54/573 9 1.9 1.5 (0.9, 2.3)
6–8 112/400 28 4.8 3.3 (2.2, 4.8) 61/402 15 3.3 2.2 (1.4, 3.4)
9–11 113/303 37 7.4 4.5 (3.0, 6.7) 52/306 17 3.7 1.9 (1.1, 3.1)
12–14 142/274 52 13.4 6.0 (4.0, 9.1) 100/276 36 10.4 4.7 (2.9, 7.6)
≥15 345/561 62 19.9 7.1 (4.7, 10.6) 292/567 52 19.4 6.5 (4.1, 10.3)

Age, y
<20 14/244 6 1.0 1.0 12/243 5 1.0 1.0
20–24 77/619 12 2.3 1.4 (0.7, 2.5) 37/617 6 1.2 0.9 (0.4, 1.9)
25–29 187/746 25 5.5 1.9 (1.0, 3.4) 96/752 13 2.8 1.3 (0.6, 2.6)
30–34 279/659 42 12.1 2.3 (1.3, 4.3) 187/663 28 7.6 1.8 (0.9, 3.5)
35–39 160/357 45 13.3 2.2 (1.2, 4.2) 122/358 34 10.0 1.8 (0.9, 3.8)
40–44 106/189 56 21.0 2.5 (1.3, 5.0) 87/192 45 16.0 2.5 (1.2, 5.4)
≥45 72/128 56 21.1 2.7 (1.3, 5.6) 75/129 58 31.5 4.5 (2.0, 10.2)

Sex
Female 176/686 26 1.0 1.0 133/693 19 1.0 1.0
Male 717/2243 32 1.4 1.1 (0.8, 1.3) 482/2248 21 1.0 0.9 (0.7, 1.2)

Previous confidential 
HIV test

No 249/1372 18 1.0 1.0 174/1374 13 1.0 1.0
Yes 614/1475 42 3.2 1.8 (1.5, 2.2) 422/1484 28 2.7 1.5 (1.2, 1.8)

Area
Outside London 647/2361 27 1.0 1.0 431/2356 18 1.0 1.0
London 248/582 43 2.0 1.3 (1.0, 1.6) 185/599 31 2.0 1.1 (0.9, 1.4)

Recruitment site
Community 170/740 23 1.0 1.0 150/753 20 1.0 1.0
Agency 725/2203 33 1.6 1.9 (1.5, 2.4) 466/2202 21 1.1 1.0 (0.8, 1.3)

Anti-HIV result
Negative 878/2910 30 1.0 1.0 600/2927 21 1.0 1.0
Positive 17/28 61 3.6 1.5 (0.6, 3.5) 16/28 57 5.2 1.5 (0.6, 3.6)

Anti-HBc result
Negative 531/2325 23 1.0 1.0 249/2043 12 1.0 1.0
Positive 363/612 59 4.9 2.3 (1.8, 2.8) 363/894 41 4.9 2.3 (1.8, 2.9)

Note. CI=confidence interval; HCV=hepatitis C virus; HBc=hepatitis B virus core antigen.
aNot all samples were of sufficient volume to test for antibodies to all 3 viruses, and complete behavioral and demographic information was not

provided by some participants.
bAdjusted for years injecting, age, previous HIV test, area, recruitment site, and anti-HBc result.
cAdjusted for years injecting, age, previous HIV test, and anti-HCV result.

HCV infection in injection drug users is diffi-
cult to prevent and that infection is acquired
rapidly after initiation into injecting.9–10

The reliability of the oral fluid tests used
is important in assessing our study’s results.
Ongoing assessment suggests sensitivity and
specificity rates of 80% and 99%, respectively,
for anti-HCV and 82% and 99%, respectively,
for anti-HBc.23 An evaluation of a similar tech-
nique in Scotland showed that anti-HCV was
present in the oral fluid of 85% of 115 injec-
tion drug users with serum antibodies to HCV.24

Adjusting for a test sensitivity of 80% would
increase the overall anti-HCV prevalence to
38% and result in an estimated incidence
among recent initiates of 5.7%, but these fig-
ures are still lower than what would be expected
on the basis of previous studies. Such an ad-
justment for low test sensitivity would leave
unchanged the relative differences in anti-HCV

prevalence according to duration of injection
and age.

The illegality of injection drug use, its rar-
ity in the population overall, and the margin-
alization of injection drug users combine to
make monitoring of blood-borne virus trans-
mission in this group difficult. Although in-
jectors can be recruited and followed up while
receiving treatment,25 such interventions are
completed by only a subset of participants who
tend to be older and to have longer injection
drug use careers, which in turn may make their
infection incidence rates unrepresentative. The
most useful and “representative” data from
which inferences about transmission trends can
be drawn are probably those provided by large
voluntary, unlinked–anonymous cross-sectional
surveys of injectors recruited concurrently from
drug services and community sites, as we have
described here.

Two other studies provide further evidence
of a low anti-HCV prevalence among injec-
tors in England and Wales. First, a 1997–1998
survey of prison inmates reported an anti-HCV
prevalence of 30% among more than 800 pris-
oners who reported ever injecting drugs.26 Sec-
ond, an unlinked–anonymous survey involv-
ing syphilis serology specimens from more
than 1300 injection drug users attending gen-
itourinary medicine clinics during 1995–1996
revealed an anti-HCV prevalence rate of 37%
(K. Balogun, written communication, August
1999). Once adjusted for test sensitivity, the
results of the oral fluid surveys were the same
as in this serum survey.

Moreover, the anti-HIV and anti-HBc
prevalence in our survey was consistent with
earlier data from surveys of injectors recruited
in drug service and community settings.15–17

Previous studies in England and Wales may
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have led to overestimation of the overall preva-
lence of anti-HCV because they recruited in-
dividuals receiving diagnostic tests while at-
tending drug treatment agencies, and these
respondents tended to be older and to have had
long injecting careers.

Our findings suggest that the prevalence
of HCV infection among injection drug users
in England andWales is lower than that in other
industrialized countries.1They also suggest that
transmission of HCV among injection drug
users in England and Wales may have been re-
duced in recent years.We may be observing an
“aging cohort” effect in the age-specific preva-
lence of anti-HCV similar to that observed for
anti-HBc following the large decrease in hep-
atitis B transmission in the mid-1980s.27 The
possibility of a similar decline in HCV trans-
mission among injection drug users in Geneva,
Switzerland18; Victoria, Australia28; and Scot-
land29—albeit against a background prevalence
in excess of 50%—has been suggested.

Cross-sectional surveys such as ours,
however, cannot provide proof that prevalence
and estimated incidence have decreased, es-
tablish when such a decrease occurred, or mon-
itor whether the decline is continuing. It is es-
sential, therefore, that prevalence and incidence
of anti-HCV in injectors with short injecting ca-
reers be monitored for a number of years.

Cohort studies of the effects on HCV in-
cidence of individual harm reduction activi-
ties, such as needle exchange programs, have
produced inconclusive findings,30–32 but these
evaluations of individual prevention measures
would not have revealed possible synergistic
benefits from large-scale programs consisting
of a variety of harm reduction activities. In the
United Kingdom, an extensive program that
includes widespread access to drug treatment
services has existed for many years. An esti-
mated 25 million syringes were distributed in
the United Kingdom in 1997, a total that may
be higher than that for the United States (J. Par-
sons, verbal communication, August 1999).

The public health success in England and
Wales with regard to controlling HIV in in-
jection drug users may have engendered com-
placency, and opportunities to control HCV
transmission through intensifying harm re-
duction possibly are being missed. Evidence
from HIV research12 suggests that increased
investment in comprehensive provision of harm
reduction interventions may be rewarded with
a decrease in HCV transmission.

Contributors
V.D. Hope, T. Lamagni, and O.N. Gill were respon-
sible for the survey of injection drug users attending
agencies. The community survey was undertaken by
A. Judd, M. Hickman, G. Hunter, G.V. Stimson, and
S. Jones. Collaboration between the Public Health
Laboratory Service and the Centre for Research on

Drugs and Health Behaviour was established and co-
ordinated by M. Hickman. The development and ap-
plication of laboratory methods was undertaken by L.
Donovan and overseen by J.V. Parry. Analysis was un-
dertaken by A. Judd, assisted by V.D. Hope. All au-
thors contributed to the writing of the paper.

Acknowledgments
All funding for the work presented here was provided
by the Department of Health, London. The Public
Health Laboratory Service acknowledges the finan-
cial support of the Department of Health, London,
and the Centre for Research on Drugs and Health Be-
haviour acknowledges the financial support of both
the London Regional Office of the National Health
Service Executive and the Department of Health.

We are grateful to all of the agency staff for their
efforts in recruiting clients, to the fieldworkers who
conducted the community interviews, and to the in-
jection drug users who gave their time to participate.
Our thanks also to Jacqui Finn and Joyce Lutuu at the
Communicable Disease Surveillance Centre, Public
Health Laboratory Service, for their assistance with
the administration of the survey and data entry, and
to Julie Newham and Kim Lewis at the Virus Refer-
ence Division, Public Health Laboratory Service, for
laboratory support. Finally, we would like to thank the
members of the Public Health Laboratory Service sur-
vey advisory group: Rachel Joce, Robert Power, and
Paul Turnbull.

References
1. MacDonald M, Crofts N, Kaldor J. Transmis-

sion of hepatitis C virus: rates, routes, and co-
factors. Epidemiol Rev. 1996;18:137–148.

2. Donahue JG, Nelson KE, Munoz A, et al. Anti-
body to hepatitis C virus among cardiac surgery
patients, homosexual men, and intravenous drug
users in Baltimore, Maryland. Am J Epidemiol.
1991;134:1206–1211.

3. Coppola RC, Manconi PE, Piro R, DiMartino
ML, Masia G. HCV, HIV, HBV and HDV in-
fections in intravenous drug addicts. Eur J Epi-
demiol. 1994;10:279–283.

4. Van Ameijden EJ, Van den Hoek JA, Mientjes
GH, Coutinho RA. A longitudinal study on the
incidence and transmission patterns of HIV,
HBV and HCV infection among drug users in
Amsterdam. Eur J Epidemiol. 1993;9:255–262.

5. van Beek I, Buckley R, Stewart M, MacDonald
M, Kaldor J. Risk factors for hepatitis C virus
infection among injecting drug users in Sydney.
Genitourin Med. 1994;70:321–324.

6. Majid A, Holmes R, Desselberger U, Simmonds
P, McKee TA. Molecular epidemiology of hep-
atitis C virus infection amongst intravenous drug
users in rural communities. J Med Virol. 1995;
46:48–51.

7. Lamden KH, Kennedy N, Beeching NJ, et al.
Hepatitis B and hepatitis C virus infections: risk
factors among drug users in the Northwest of
England. J Infect. 1998;37:260–269.

8. Serfaty MA, Lawrie A, Smith B, et al. Risk fac-
tors and medical follow-up of drug users tested
for hepatitis C—can the risk of transmission be
reduced? Drug Alcohol Rev. 1997;16:339–347.

9. Di Bisceglie AM. Hepatitis C. Lancet. 1998;
351:351–355.

10. Garfein RS, Vlahov D, Galai N, Doherty MC,

Nelson KE. Viral infections in short term in-
jecting drug users: the prevalence of hepatitis
C, hepatitis B, human immunodeficiency and
human T-lymphotropic viruses. Am J Public
Health. 1996;86:655–661.

11. Hurley SF, Jolley DJ, Kaldor JM. Effectiveness
of needle exchange programmes for prevention
of HIV infection. Lancet. 1997;349:1797–1800.

12. Stimson GV. Has the United Kingdom averted
an epidemic of HIV-1 infection among drug in-
jectors? Addiction. 1996;91:1085–1088.

13. Des Jarlais DC, Hagan H, Friedman SR, et al.
Maintaining low HIV seroprevalence in popu-
lations of injecting drug users. JAMA. 1995;274:
1226–1231.

14. van Beek I, Dwyer R, Dore GJ, Luo K, Kaldor
JM. Infection with HIV and hepatitis C virus
among injecting drug users in a prevention set-
ting: retrospective cohort study. BMJ. 1998;317:
433–437.

15. Stimson GV, Hunter GM, Donoghoe MC,
Rhodes T, Parry JV, Chalmers CP. HIV-1 preva-
lence in community-wide samples of injecting
drug users in London, 1990–1993. AIDS. 1996;
10:657–666.

16. Judd A, Hunter GM, Maconochie N, et al. HIV
prevalence and risk behaviour among female in-
jecting drug users in London, 1990 to 1996.
AIDS. 1999;13:833–837.

17. Unlinked Anonymous HIV Surveys Steering
Group. Prevalence of HIV in the United King-
dom: 1998. London, England: Dept of Health,
Public Health Laboratory Service; 1999.

18. Broers B, Junet C, Bourquin M, Deglon JJ, Per-
rin L, Hirschel B. Prevalence and incidence rate
of HIV, hepatitis B and C among drug users on
methadone maintenance treatment in Geneva
between 1988 and 1995. AIDS. 1998;12:
2059–2066.

19. Coutinho RA. HIV and hepatitis C among in-
jecting drug users—success in preventing HIV
has not been mirrored for hepatitis C. BMJ.
1998;317:425–426.

20. Judd A, Hickman M, Renton A, Stimson GV.
Hepatitis C virus infection among injecting drug
users: has harm reduction worked? Addict Res.
1999;7:1–6.

21. Hunter GM, Stimson GV, Judd A, Jones S, Hick-
man M. Measuring injecting risk behaviour in
the second decade of harm reduction: a survey
of injecting drug users in England. Addiction.
2000;95:1351–1361.

22. Stimson GV, Jones S, Chalmers C, Sullivan D. A
short questionnaire (IRQ) to assess injecting risk
behaviour. Addiction. 1998;93:337–347.

23. Allwright S, Bradley F, Long J, Barry J, Thorn-
ton L, Parry JV. Prevalence of antibodies to hep-
atitis B, hepatitis C and HIV in Irish prisoners:
results of a national cross sectional survey. BMJ.
2000;321:78–82.

24. Cameron SO, Wilson KS, Good T, et al. Detec-
tion of antibodies against hepatitis C virus in
saliva: a marker of viral replication. J Viral
Hepat. 1999;6:141–144.

25. Gossop M, Marsden J, Stewart D. NTORS at
One Year: The National Treatment Outcome Re-
search Study. London, England: Dept of Health;
1998.

26. Weild AR, Gill ON, Bennett D, Livingstone



January 2001, Vol. 91, No. 1

SJM, Parry JV, Curran L. Prevalence of HIV,
hepatitis B, and hepatitis C antibodies in pris-
oners in England and Wales: a national survey.
Commun Dis Public Health. 2000;3:121–126.

27. Balogun MA, Ramsay ME, Fairley CK, Collins
M, Heptonstall J. Acute hepatitis B infection in
England and Wales: 1985–96. Epidemiol Infect.
1999;122:125–131.

28. Crofts N, Aitken CK. Incidence of bloodborne
virus infection and risk behaviours in a cohort of

injecting drug users in Victoria, 1990–1995. Med
J Aust. 1997;167:17–20.

29. Goldberg D, Cameron S, McMenamin J. He-
patitis C virus antibody prevalence among in-
jecting drug users in Glasgow has fallen but re-
mains high. Commun Dis Public Health. 1998;
1:95–97.

30. Hagan H, Des Jarlais DC, Friedman SR, Pur-
chase D, Alter MJ. Reduced risk of hepatitis C
among injection drug users in the Tacoma syr-

inge exchange program. Am J Public Health.
1995;85:1531–1537.

31. Hagan H, McGough JP, Thiede H, Weiss NS,
Hopkins S, Alexander ER. Syringe exchange
and risk of infection with hepatitis B and C
viruses. Am J Epidemiol. 1999;149:203–213.

32. Crofts N, Nigro L, Oman K, Stevenson E, Sher-
man J. Methadone maintenance and hepatitis C
virus infection among drug users. Addiction.
1997;92:999–1005.

Sharing of Drug Preparation Equipment as
a Risk Factor for Hepatitis C 

Holly Hagan, PhD, Hanne Thiede, DVM, MPH, Noel S. Weiss, MD, DrPH, 
Sharon G. Hopkins, DVM, MPH, Jeffrey S. Duchin, MD,
and E. Russell Alexander, MD

A B S T R A C T

Objectives. This study investigated
the sharing of drug preparation equip-
ment as a possible route of hepatitis C
virus (HCV) transmission.

Methods. HCV seroconversion was
measured in a cohort of 317 injection
drug users who tested negative for HCV
antibody at recruitment.

Results. Cumulative HCV incidence
was 16.7% per year. Among those who
did not share syringes, HCV serocon-
version was associated with sharing drug
cookers and filtration cotton (adjusted
risk ratio = 5.9; 95% confidence inter-
val=1.1, 31.7); 54% of HCV infections
in injection drug users who did not share
syringes were attributable to cooker/cot-
ton sharing.

Conclusions. Among injection drug
users who do not share syringes, an im-
portant proportion of HCV infections
may be attributed to cooker/cotton shar-
ing. (Am J Public Health. 2001;91:
42–46)

Hepatitis C virus (HCV) infection is very
common among injection drug users. Studies
of injection drug users in regions with a long-
standing pattern of endemic injection drug use
have reported prevalences of HCV antibody
in the range of 65% to 90%, even where HIV
prevalence is quite low.1–5 The majority of HCV
infections become chronic, resulting in a large
reservoir of HCV infection among injection
drug users.6 Incidence of HCV infection in pre-
viously uninfected injection drug users ranges
from 10 to 30 per 100 person-years at risk.1–4,7–9

Prior studies have not observed a consistent
pattern of risk associated with sex, duration or
recency of injecting, or participation in a sy-
ringe exchange program.3,4,7,10,11 Three inci-
dence studies noted an association between
HCV seroconversion and use of potentially
contaminated syringes,3,8,9 but in all but one8 the
association was weak after control for other
factors. Clearly, a great deal remains to be
learned about the determinants and prevention
of HCV infections in injection drug users.

Among the unexplored areas of HCV re-
search is the importance to transmission of the
shared use of drug preparation equipment in
the absence of injection with a contaminated
syringe. Because the prevalence of syringe
sharing has declined since the appearance of
HIV/AIDS,12 viral transmission associated with
sharing equipment used to prepare drugs for
injection may have risen in importance. In this
study, we examined the risk of HCV trans-
mission in relation to the sharing of cookers
used to melt the drug into an injectable liquid,
of cotton used to filter out particles as the drug
is drawn into the syringe, and of water used to
rinse the syringe. Injection with a syringe pre-
viously used by another injector, and use of a

syringe to divide drug doses between users
(backloading),13 were also evaluated as poten-
tial means of HCV transmission.

Methods

Subjects were enrolled in a cohort study
of health consequences and risk behaviors as-
sociated with injection drug use (the RAVEN
Study).7 Recruitment occurred between June
1994 and May 1997 in 9 different locations in
the Seattle area; a random-numbers table was
used to select the nth client from among those
present at each location. Eligibility criteria in-
cluded having injected an illicit drug in the pre-
vious year, being English or Spanish speaking,
being 14 years or older, and not being already
enrolled in the study. After providing written
consent to participate, subjects completed an
interviewer-administered questionnaire and a
blood draw. Follow-up 1 year later included an
interview that asked about behavior during the
follow-up period and a second blood speci-
men. Blood was tested for HCV antibody with
a third-generation enzyme immunoassay (Ab-
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